Abstract-A Escherichia coli strain producing phytase named DH5α was chosen from four E. coli stains, the enzyme activity was 17.88 U/mL after fermented at 37°C for 2 days. The enzymatic properties of crude enzyme solution were studied. The optimal temperature was 55°C; optimal pH was 2.5 and 7.0, enzyme had certain resistance to heat and different pH conditions, 75% activity could be maintained when treated at 65°C for 30min, and 60% activity still remained when treated in the pH range of 2 to 9 for 30 min and 60 min. Resistance to KH 2 PO 4 of phytase was poor, low concentrations of KH 2 PO 4 (15mg/L) could inhibit the enzyme activity to below 40%; all kinds of metal ions had no significant activation or inhibition effect on enzyme, the enzyme had resistance to pepsin but no resistance to trypsin, after treated by trypsin for 30min, only 66.69% of the activity retained, while treated by pepsin , the activity could still maintain more than 90%.
INTRODUCTION
Phytase is a class of hydrolases which can hydrolyze phytic acid into phosphoric acid inositol, it exists widely in plant and animal tissues and microbial cells and mainly exists in seeds of the plant. Because of the different kinds of plants, the activity of phytase varies greatly [1] [2] [3] [4] [5] . Microbes are the most convenient and the most economical sources of phytase [6] . Bacteria, yeasts, fungi and many multicellular fungi can produce phytase but their properties are different [7] . According to the difference of the optimum pH values, Phytase can be divided into acidic phytase, neutral phytase and alkaline phytase. However, due to the microbial phytase has high activity and can be produced easily, the research and development on it are the most extensive and deepest [8] [9] .
At present, phytase is widely used in food and feed industry, it can make the utilization ratio of phosphorus which exists n plant feedstuffs increase by 60% and the amount of phosphorus in faeces reduce by 40%, so that it can reduce the amount of phosphorus in the feed and the pollution to the environment. Besides, it can also damage the affinity of phytic acid, mineral elements and protein which contain in plant feedstuffs or food, improve the bioavailability of mineral elements and the digestible rate of protein, so as to improve the nutritional value of food and livestock production efficiency [10] [11] [12] .
In this study, the enzymatic properties of phytase produced by E. coli DH5α were examined. The objective of this study was to grasp the characteristics of phytase better and lay a good fundation for the application of phytase.
II. MATERIALS AND METHODS

A. materials and reagents
Escherichia coli DH5α, AB1157, GM2929 2) Fermentation culture: The seed culture was then inoculated to the 250 mL conical flask containing 50 mL fermentation medium, and fermented on a reciprocal shaker(120 rpm) for 2d at 37°C.
D. The preparation of crude enzyme
Cultures were centrifuged at 8000 r. min -1 for 10 minutes at 4°C and the supernatant was used for the estimation of phytase activity.
E. Determination of phytase activity
Phytase activity was determined using the method described by Harland (1980) with slight modifications [13] . Definition of activity unit of enzyme: Under the condition of 37 °C temperature, pH 5.5, l µmol inorganic phosphorus is released from the 5.0 mmol/L sodium phytate solution per minute is a unit of phytase activity(U).The enzyme activity was calculated by the following equation (1): Phytase activity
(1) where C is the phosphorus concentration (mol/L);F is total diluted multiples of the sample solution before the reaction; V is sample volume (mL); 30 is the reaction time.
F. Enzymic properties of crude enzyme of E. coli DH5α
1) The optimal pH of enzyme reaction: The enzyme activity of crude enzyme was determined as described above. The buffer used for pH measurement was 0.1 mol/L acetic acid sodium-acetate buffer ,pH was adjusted to 2.0, 2.5, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 and 9.0. The highest enzyme activity was set as 100%, the ratio of enzyme activity under other conditions to the highest enzyme activity was relative enzyme activity.
2) pH stability of enzyme: Enzyme solution was treated at different pH values (2.0, 2.5, 3.0, 4.0, 5.0, 6.0, 7.0, 6.0, 7.0) for 30 min and 60 min at 37°C, then adjusted back to the optimal pH value. Enzyme activity was determined under routine conditions to investigate the pH stability of the enzyme at 37°C.
3) The optimal temperature of enzyme reaction: The enzyme activity according to temperature was measured at different temperatures(30°C, 35°C, 45°C, 55°C, 65°C, 75°C, 85°C). Enzyme activity was determined at 37°C.
4) Thermal stability of enzyme: Crude enzyme was treated at different temperatures （ 35°C, 45°C, 55°C, 65°C, 75°C) for 30 min and 60 min, and then residual enzyme activity was determined at 37°C. 
B. Selection of the best strain and medium
Phytase activity of four strains of E. coli was determined every 24h, the results were shown in Table 1 . As seen from table 1, in the two different culture medium, enzyme activity of phytase produced by DH5α were the highest of the 4 strains, so DH5α was the best strain to produce phytase. Meanwhile, it can be seen from the results of the experiment, phytase-producing activity of DH5α was higher when cultured in fermentation medium, up to 17.88 U/mL, so the optimum medium for phytase production was fermentation medium. 
C. Determination of incubation time
Phytase activity that DH5α produced was determined every 12 hours, the results were shown in Fig. 2 . As seen in Fig. 2 , phytase activity of DH5α reached the peak when cultured for 48h, when phytase activity was up to 17.92 U/mL. After that, the phytase acitibity decreased. so the incubation time was 48h. 
D. Optimal pH of enzyme reaction
The activity of phytase was determined at different pH values ranged from 2 to 9, the results were shown in Fig.  3 . As shown in Fig. 3 , phytase produced by DH5α reached the peak at pH 2.5 and its relative enzyme activity was 100%, then enzyme activity gradually decreased, but reached another peak at pH 7, when relative enzyme activity was 61%. After that, the enzyme activity gradually declined, so enzyme activity was higher both at pH 2.5 and pH 7, it had certain adaptability to acidic and neutral conditions and had the characteristics of both acidic phytase and neutral phytase. So it would have a good application prospect. 
E. pH stability of phytase
To measure pH stability, the remaining phytase activity was determined after incubation at various pHs for 30 min and 60 min at 37°C The results were shown in Fig.4 .The enzyme was more stable in the pH range of 2.5-5.0, with more than 80% of the initial activity remained. The enzyme could always keep the activity of about 60% at different pHs, it showed that the phytase had good pH stability. The phytase could maintain the activity of more than 70% in the pH range of 2-5, which showed that it had strong resistance to acid; the phytase could maintain the activity of more than 60% in the pH range of 6~9, which showed that it also had good stability under neutral pH condition. It was concluded that the enzyme had higher resistance to pH and it had certain application prospect. 
F. Optimal temperature of enzyme reaction
The effect of temperature on phytase activity was detected, the results were shown in Fig.5 . The relative enzyme activity of phytase increased firstly, enzyme activity was higher from 30°C to 55°C,maximum activity was exhibited at 55°C, then the activity of the enzyme decreased rapidly when temperature was higher than 55°C. When the temperature was above 80°C, the enzyme lost activity completely., the result would have a certain guide significance to the application in the future. Figure 5 . Effect of temperature on phytase activity
G. Thermal stability of phytase
The thermal stability of phytase was measured by incubating the enzyme at various temperatures for 30 min and 60 min, the residual enzyme activity was determined. The results were shown in Fig.6 . Phytase activity could still remain around 75% after incubated for 30 min and 60 min below 65°C, then the enzyme activity reduced quickly and could just stay around 30% at 75°C. Prolonging the time did not much affect the thermal stability. It could be concluded that the enzyme had certain thermal stability. 
H. Effect of metal ion on phytase activity
Effect of metal ion on phytase activity was measured, the results were shown in Table 2 . No significant inhibition was observed in the presence of all kinds of metal ions listed in Table 2 . So the enzyme had certain resistance to metal ions. In the presence of the metal ions, all of the relative phytase activity measured could keep high. As a consequence, phytase was not sensitive to metal ions. The results provided reference for its future use in the feed industry. (1, 5, 7, 10, 15, 20, 30, 40 , 50, 60mg/L) was added to the crude enzyme, enzyme activity was determined under routine conditions. The results were shown in Fig.7 . As seen from the Figure, KH 2 PO 4 solution with lower concentrations had significant inhibitory effect on phytase activity, when the concentration was over 15 mg/L, the remaing activity of the enzyme was less than 40%; When the concentration reached 60 mg/L, the enzyme almost lost activity. So in the process of application, the effect of element phosphorus on phytase activity should be avoided and the conditions during the use of the procedure should be controlled. Table 3 . The results showed that pepsin had no obvious inhibition or activation effect on the enzyme. On the contrary, trypsin had obvious inhibition effect on the enzyme. Thus it could be inferred that when the enzyme was added in animal feed, it would be more stable in the animal stomach than in the intestines. IV. CONCLUSIONS Four strains were cultured in different mediums, the phytase activity of the strains was determined, DH5α produced the highest enzyme activity in the fermentation medium. The phytase enzyme properties of crude enzyme from DH5α were studied. The optimal pH of phytase was 2.5 and 7, this enzyme had certain stability under the condition of acidic and neutral pH; the optimal temperature of enzyme was 55°C. In the aspect of heat resistance, the enzyme activity could still keep 75% after incubated at 65°C for 30 min, then the enzyme activity reduced quickly and it could just remain 30% at 75°C. Metal irons had no obvious inhibition or activation effect on phytase activity but KH 2 PO 4 solution in low concentration had obvious inhibition on phytase activity. Pepsin had no obvious inhibition or activation effect on the enzyme, on the contrary, trypsin had obvious inhibition effect on this enzyme.
Based on the study, we could conclude that the enzyme had certain advantages to resist different pH values. The enzyme had higher activity under the acidic and neutral conditions, which showed that phytase from E.Coli DH5α had advantage compared with other phytase studied before.The phytase had good resistance to various metal ions, so it had a wide application prospect. Meanwhile, the phytase had better resistance to pepsin, so when it was added to the feed , phytic acid could be decomposed effectively and the absorption of nutrients could be improved.
In this study, the phytase was extracted from E. coli in nature, so some enzymatic properties were not very good, such as thermal stability, which could be improved by mutation or genetic engineering methods, so as to make it meet the requirements of industrial production.
